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(54) Self sealing pneumatic tire 

(57) An open network structure (6) 
containing a sealant composition is 
enveloped between the usual inner 
liner of the tyre and a cover strip (7). 

The open network structure (6) may 
be either a flexible open-cell rubber or 
polyurethane foam or a mat of woven 
or non-woven organic polymer 
filaments bonded at at least 80% of their 
crossings and having a softening point 
ofatleast200°C. 

The sealant composition may 
include uncured cis 1,4-polyisoprene 
rubber or butyl rubber; rubber 
processing oil or polybutene; 
polyisobutylene; particulate carbon 
black; clay; tackifying resin. The cover 
strip (7) is of natural or synthetic rubber 
having an ultimate elongation of at 
least 500%. 
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Self sealing pneumatic tire 

5 Field 

This invention relates to a pneumatic tire having an ability to seal against puncturing objects. Tne 
invention more particularly relates to a pneumatic tire having a network structure containing a sealing 
composition on its inner surface. 

10 Background . . 

For safety, a pneumatic tire has historically been sought which has a means of retarding or preventing its 
deflation upon being punctured. Many methods and tire constructions have been suggested and used for 
this purpose for ordinary passenger vehicles such as automobiles which are to be driven over typical 
roadways. 

15 It is an aspect of this invention to provide a pneumatic tire which has an ability to seal against various 15 
puncturing objects. 

Disclosure and practice of the invention m 
In accordance with this invention, a pneumatic rubber tire is provided having a composite of open network 

20 structure containing a sealant composition adhered to the inner liner of said tire, where said composite is 20 
enveloped by the said inner liner of the tire and an outer, overlaying rubber coverstrip and is comprised of 
(A) a three-dimensional, open network of spaced apart filamentary elements in the form of a skeletal 
structure comprised of (i) resilient, flexible, open cell foam, or (ii) three dimensional mat of flexible organic 
polymer filaments which are woven or non-woven and are bonded at least 80% of their crossings and (B) a 

25 sealant composition contained in said skeletal structure, where said coverstrip covers the outer surface of 25 
said composite and its two edge portions are integral, covuicanized and terminate with said tire inner 
surface; wherein said open cell foam is composed of a flexible, resilient material selected from at least one of 
natural rubber, synthetic rubber and polyurethane; where the filaments of said mat are composed of a 
flexible organic thermoset polymer or thermoplastic polymer having a softening point of at least 200 C; and 

30 where said sealant composite is a tacky composition comprised of (i) about 1 00 parts by weight of a rubber 30 
selected from uncured cis 1 ( 4-polyisoprene rubber or partially cross-linked butyl rubber, (n) about 40 to 
about 300, preferably about 1 50 to about 250, phr of fluid polymeric material selected from at least one of 
rubber processing oil and polybutene having a viscosity in the range of about 25 to about 5000, preferably 
about 50 to about 4500, centistokes at 100°C (iii) when (i) is butyl rubber, about 40 to about 300 preferably 

35 about 1 50 to about 250 phr of polyisobutylene having a viscosity average weight in the range of about 8000 3b 
to about 135,000 preferably about 8000 to about 1 2,000 (Staudinger), (iv) about 40 to about 140 preferably 
about 80 to about 1 00 phr of at least one of the group consisting of particulate carbon black and clay and (v) 
about 40 to about 1 20, preferably about 80 to about 1 00, phr of a tackifying resin. 
The inner liner of the tire refers to what conventionally has heretofore constituted the inner surface of the 

40 tire typically as a gum strip of rubber which has usually been the first tire component applied to a tire 40 
building drum in a tire building process. The inner liner generally performs the function as an air barrier 
between the tire's inner air chamber and the body of the tire. 

Thus, in further accordance with this invention a pneumatic tire is provided having two spaced 
inextensible beads, a tread portion, a pair of individual sidewails extending radially inward from the axial 

45 outer edges of said tread portion to join the respective beads, a supporting structure for said tread portion 45 
and said enveloped composite adhered to and disposed inwardly of said supporting structure in the crown 

re ?n°the°practicTof this invention, it is preferred that, for the open network skeletal structure, the open cells of 
the foam have an average diameter in the range of about 0.05 (0.1 3) to about 0.25 (0.6), and preferably about 

50 0 1 (0.25) to about 0.2 (0.5), inch (cm). The open cell foam can be prepared by various methods, such as bo 
methods known to those having skill in the art, such as during the cell formation process or by reticulating a 
closed cell foam. In a closed cell foam, at least about 70, usually about 70 to about 90 or more, percent of the 
cells are open with the remainder being closed cells. 
The three-dimensional mat can be composed of various polymer filaments such as, for example, 

55 polyester, nylon and aramid filaments. In order that the mat have dimensional stability, or dimensional 5b 
integrity, the filaments are bonded at their crossings. Such bonding can be accomplished by various 
methods known to those having skill in the art such as adhesive bonding, by fusion or by bond.ng during a 
filament formation or preparation process. 
The composite of structure and sealant is enveloped by the tire's rubber inner liner and a rubber 

60 coverstrip. Such cover strip also aids the tire building process by being applied against the tire building drum 
thereby preventing the sticky composite itself from sticking to the building drum. 

In such process, a method of building a tire comprises first preparing a laminate of said composite 
adhered to said coverstrip with the edge portions of said coverstrip extending outwardly from said 
composite, applying said laminate to a tire building drum with ,the xoverstrip ►adjacent ^ 0 ^^'^ ing 

65 the tire's rubber inner rubber liner over the laminate followed by the remainder of the tire components, 
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removing the tiref rom the drum and submitting the tire to a shaping and curing process ""der conditions of 
heTtTd pressure during which said coverstrip edge portions are terminated and covulcanized w.th said tire 
inner surface to form an integral structure. ...^af^hm 

Durmg the curing process, it is understood thatthe composite itself does no undergo , a cunng step but 
5 remains in substantially the state in which the laminate was prepared. Thus, rt is mtended that .t ,s the 
coverstrio which co-cures with the tire's inner surface. 

5pSnal7y, Se extended edges of the cover strip in the iaminate can be folded around the edges and over 
a portion of the opposing surface of the composite priorto application to the building drum. 

The coverstrip can be of various rubbers and, although the selection of rubbers ,s not considered a being 
10 critical it is D eferred that the rubber be compounded to provide a rubber having a low modulus and an 

penetrate the coverstrip with minimal deformation of the strip itself. Representative of various rubbers are 
naSrubter aXShetic rubbers such as cis 1,4 polyisoprene, els 1,4-polybutadiene styrene/butad.ene 
SSSt chlorobutyl rubber, bromobutyl rubber, EPDM (ethylene/propylene/conjugated 

Representative of coverstrip thicknesses preferred are in the range of about 0.007 (0.018) about 0.2 (.5). 
preferably about 0.01 (.03) to about 0.1 (0.25), inches (cm). ♦.. m e„th a tittPnd. ! tn 20 

Thesealantcom^ 20 
adhere to a puncturing object or tends to stick to itself upon removal of a puncturing object ^mVmvm. 
1SS withthe tackifying resin and b.ack or clay, it is preferred *^^^^SSlt 
cis 1,4-polyisoprene rubber, natural or synthetic, and either polybutene or o.l or (B) partially crossl.nked 
butyl rubber, polyisobutylene and either polybutene or oil. ^^^..nonthe 25 

In the sealant composition, carbon black is usually used. However, depend.ng somewhat upon the 
ImS^ variables, clay can be used, particularly treated clay such as mercaptosi.ane 

^riouSckifying resins can be used for the purpose of adding tack to the ^SS^S^ 
svnthetictackifving resins are used. Representative of such resins are phenol formaldehyde resins and 
30 SinEefin ^cojoly^er rtstns. A preferred resin is a piperylene/2-methyl-2-butene resin having a softemng 
pot? n the Ige'of about 40X to about 105°C, preferably about 90°C to about 100"C according to ASTM 
F98 58T and oreoaredbv polymerizing the monomers in the presence of aluminum chlor de. 

sealant composition such as antioxidants, antiozonants, coloring pigments and stab.l.zers exceptforcunng 
35 a9 oSa!Sth r : 2^^^^ about 2to about 20, preferably about 5 to about 10, phr 

netwoScIure, preferably without mashing or crushing the structure so that ,t ma.ntains ^ required 
40 oprneSorkconfiguration In one embodiment the sealant composition can be first mixed with a minima, 
amount of solvent and applied to the structure with the aid of a doctoring device. 
The oracSe of this invention can be further understood and illustrated by a reference to the 
mSS^^SSi^ the nature of the following examples which are intended to be represented rather 
SSI of the scope of the invention. Un.ess otherwise indicated all parts and percentages are by 
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^nTwsexamole with reference to the accompanying drawing, Figure /is a side elevational view of a 

shaVetS^ 60 
50 of open Network structure containing a sealant composition on the inner surface of the t.re and Figure is 
enlarged view of a laminate of such composite and a coverstrip. 

More snecificallv an open network structure 6 in the form of an open cell natural rubber foam saving an 
average SSKleast about 0.05 (0.13) inch (cm) containing a sealant composite therein was appl.ed 

with^exane solventto form a 24% solids mixture. The open cell ^T^Sm^SS^^ 
th ft mivturP snread with a metal doctor blade on and into the open cell foam. The mixture was auowcu v y 
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exposed portion of the composite and removed before building a tire. Various films can be used such as for 
example, polyethylene films. 

As an alternate method, the composite 6 with the coverstrip 7 could have been applied to a building drum 
with the coverstrip being next to the drum, and the remainder of the tire components built overthe 

5 composite. , _ _ . . . 

The green tire was shaped and cured under conditions of heat and pressure to form a tire 1 having a tread 

2 and sidewalls 3 with filament reinforcing elements 4 and having on a relatively small part of its inner 

surface 8 the composite 5 covered by the coverstrip 7 with the edges of the coverstrip 7' terminating and 

integral and covulcanized with the tire's inner surface 8 at locations 9. 
10 The sealant composition was prepared by mixing the components comprising the recipe shown m the 10 

following Table 1. 



TABLE 1 



15 Component 



Parts 15 



Partially Crosslinked Butyl Rubber 1 100 

Polyisobutylene 2 70 

Carbon Black 9 ° 

20 Tackifying Resin 3 8 

Rubber Processing Oil 25 

1 . Obtained as Bucar 262 with Bucar understood to be a trademark of Polysar, Inc. 

2. Molecular weight of about 8,000-12,000. 
25 3. Phenol formaldehyde resin. 

^'pneumatic rubber tire is prepared according to the method of Example 1 , except that the sealant 
composition is comprised of the recipe shown in the following Table 2 and the composite is prepared by 
30 applying the rubber foam to the rubber coverstrip and then applying the sealant composition to the open cell 30 
foam. The polyethylene film is not used. The structure is applied to a tire building drum, with the coverstrip 
next to the drum and the tire inner liner followed by the remainder of tire components are constructed. 



35 



40 Clay 3 



25 



35 



TABLE 2 

Compound Amount 

Vulcanized Natural Rubber 1 100 

Polybutene* 200 ^ 



Tackifying Resin 4 9° 

1. cis 1,4-polyisoprene. 

2. Having a viscosity of 4,000 centistokes at 1 00°C. 45 
45 3. A mercapto-silane treated clay. . taw . MMr .Hh u 

4. A pipery!ene/2-methyl2-butene copolymer resin having a softening point of about 95 C prepared by 
polymerizing the monomers in the presence of aluminum chloride. 

In these Examples, curing does not take place in the sealant composition itself during the tire vulcan.zat.on 
process. Curing agents are not provided in the sealant composition for the cis1,4-poly.soprene, if used, and 
50 the butyl rubber is pre-partially crosslinked prior to mixing with the other ingredients of the sealant 
composition. 

Curing also does not take place in the open network structure. 

A reticulated foam is formed from a prepared foam which is typically close celled. Closed cell foams 
contain cellular structures consisting of many individual cells. The cellular structure is three-dimensionally 
55 skeletal in nature with innerconnecting strands forming the skeleton and thin membranes, or windows , 
between the strands. A membrane is typically common to two adjacent cells. The membranes are removed 

*ftofp'!Si?r feature of this invention that it has been discovered that the open network structure can be 
utilized to provide dimensional stability as a matrixfor containing a sticky sealant composite for the tire. 

60 The invention relies upon the sealant composition contained in the open network struct ure against 
a puncturing object and seal the resulting leak of airfrom said tire to the atmosphere. The invention further 
relies on the network structure to support and contain the sealant composition. Therefore, the res.lient 
compositestructureisrequiredtobeadynamicpartofthetire. a ^-.^a ♦„ n „~ r A 

The composite structure can be disposed in various inner portions of the tire where it ,s des ^ » 0"** 

65 against punctures. For example, it can typically extend from bead to bead for protection of both the tread and 
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sidewall portions of the tire or, preferably, it can simpiy be selectively and locally disposed only inwardly of 
the tread portion in the crown region of the tire for protection against punctures occurring through the tread. 

The tire of this invention is designed to self-seal against various puncturing objects depending somewhat 
upon the resiliency, thickness and internal network structure. Typically the tire can self seal punctures 

5 caused by nails and objects of various sizes. Representative of such nails are No. 4 to 6 and box and shingle 
nails having diameters in the range of about 0.06 to about 0.1 8 inches, respectively. 

The liner of the tire can be of various rubbers such as natural rubber and synthetic rubber and their 
mixtures or blends. For example, they can be rubbery butadiene-styrene copolymers, butadiene-acrylonitrile 
copolymers, cis-1,4,polyisoprene, polybutadiene, isoprene- butadiene copolymers, butyl rubber, halogen- 

10 ated butyl rubber such as chloro or bromo butyl rubber, ethylene-propylene copolymers, ethylene- 
propylene terpolymers. Typically, the various rubbers are cured or vulcanized by normal curing methods 
and recipes such as with sulfur, or with peroxides. m 

While certain representative embodiments and details have been shown for the purpose of illustrating the 
invention, it will be apparent to those skilled in this art that various changes and modifications may be made 

15 therein without departing from the spirit or scope of the invention. 



CLAIMS 



25 



1 . A pneumatic rubber tire having a composite of open network structure containing a sealant 

20 composition adhered to the inner liner of said tire, where said composite is enveloped by the inner liner of 20 
said tire and an outer overlaying rubber coverstrip and is comprised of (A) a three-dimensional, open 
network of spaced apart filamentary elements in the form of a skeletal structure comprised of (i) resilient, 
flexible, open cell foam, or (ii) three dimensional mat of flexible organic polymer filaments which are woven 
or non-woven and are bonded at least 80% of their crossings and (B) a sealant composition contained in said 

25 skeletal structure, where said coverstrip covers the outer surface of said composite and its two edge portions 
are integral, convulcanized and terminate with said tire inner liner; wherein said open cell foam is composed 
of a flexible, resilient material selected from at least one of natural rubber, synthetic rubber and 
polyurethane; where the filaments of said mat are composed of a flexible organic thermoset polymer or a 
thermoplastic polymer having a softening point of at least 200°C; and where said sealant composite is a 

30 tacky composition comprised of (i) about 1 00 parts by weight of a rubber selected from uncured cis 30 
1 ,4-polyisoprene rubber or partially cross-linked butyl rubber, (ii) about 40 to about 300 phr of fluid 
polymeric material selected from at least one of rubber processing oil and polybutene having a viscosity in 
the range of about 25 to about 5000 centistokes at 1 00°C, (iii) when <i) is butyl rubber, about 40 to about 300, 
preferably about 1 50 to about 250 phr of polyisobutylene having a viscosity average weight in the range of 

35 about 8000 to about 135,000 (Staudinger), (iv) about 40 to about 140 phr of at least one of the group 35 
consisting of particulate carbon black and clay and (v) about 40 to about 1 20 phr of a tackifying resin. 

2. The pneumatic tire of Claim 1 is provided having two spaced inextensible beads, a tread portion, a pair 
of individual sidewalls extending radially inward from the axial outer edges of said tread portion to join the 
respective beads, a supporting structure for said tread portion and said enveloped composite substrate 

40 adhered to and disposed inwardly of said supporting structure in the crown region of the tire. 40 

3. The tire of Claim 2 where, in said foam, at least about 70% of its cells are open and having average 
diameter in the range of about 0.1 3 to about 0.6 cm and where said foam material is selected from at least 
one of natural rubber and synthetic rubber. 

4. The tire of Claim 2 where said mat is composed of polymer filaments selected from at least one of 
45 polyester, nylon and aramid filaments. _. ne . 

5. The tire of Claim 2 where said coverstrip, in its cured state, has an ultimate elongation of at least 500 h 
and is composed of at least one rubber selected from natural rubber and synthetic rubbers such as cis 1,4 
polyisoprene, cis 1 ,4-poiybutadiene, styrene/butadiene copolymer, butyl rubber, chlorobutyl rubber, 
bromobutyl rubber, EPDM (ethylene/propyleneAconjugated diene terpolymer) and styrene/butadiene/ 



45 



50 



55 



50 -styrene block copolymer. 

6. The tire of Claim 2 where said sealant composition is composed of said tackifying resin, at least one ot 
carbon black or clay, cis 1 ,4-polyisoprene rubber and at least one of said polybutene and oil. 

7. The of Claim 2 where said sealant composition is comprised of said tackifying resin, at least one of said 
carbon black or clay, partially cross-linked butyl rubber, polyisobutelene and at least one of polybutene and 

55 oil. 

8. The tire of Claim 7 where said clay is a mercapto-silane treated clay. 

9. The tire of Claim 7 where said tackifying resin is a piperylene/2-methyl-2-butene resin having a 
softening point in the range of about 90°C to about 100°C. . 

10. The tire of Claim 9 where said sealant composition also contains about 2 to about 20 phr of zinc oxide. 

60 11. The tire of Claim 1 where the said coverstrip, in its cured state, has an ultimate elongation of at least 60 
500%; where, in said foam, at least about 70% of its cells are open and having average diameter in the range 
of about 0.1 3 to about 0.6 cm and where said foam material is selected from at least one of natural rubber 
and synthetic rubber; where said mat is composed of polymer filaments selected from at least one of 
polyester nylon and aramid filaments; where said sealant composition is composed of said tackifying resin, 

65 at least one of carbon black or clay, and either (A) 1 ,4-polyisoprene rubber and at least one of said 
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polybutene and oil or (B) partially cross-linked butyl rubber, polyisobutelene and at least one of polybutene 
and oil; where, in said sealant, said clay is a mercapto-silane treated clay; and where, in said sealant said 
• tackifying resin is a piperylene/2-methyl-2-butene resin having a softening point in the range of about 90 C to 

5 ab 1°2 Ut 1 The C t'ire of Claim 1 1 where said sealant composition also contains about 2 to about 20 phr of zinc 5 

OX 13 6 A method of building a tire which comprises first preparing a laminate of the said composite of Claim 
1 adhered to said coverstrip with the edge portions of said coverstrip extending outwardly from said 
composite, applying said laminate to a tire building drum with the coverstrip adjacent to the drum, building 

10 the tire's inner rubber liner over the laminate followed by the remainder of the tire components; removing 10 
the tire from the drum and submitting the tire to a shaping and curing process under conditions of heat and 
pressure during which said coverstrip edge portions are terminated and covulcanized with said tire inner 
surface to form an integral structure. 
14. The method of claim 1 3 where, in said composite, said form has at least 70% of its cells open with an 

1 5 average diameter in the range of about 0.1 3 to about 0.6 cm and where said foam material is selected from at 
least one of natural rubber and synthetic rubber; where said mat is composed of polymer filaments selected 
from at least one of polyester nylon and aramid filaments; where said sealant composition is composed of 
said tackifying resin, at least one of carbon black or clay, and either (A) 1,4 -polyisoprene rubber and at least 
one of said polybutene and oil or (B) partially cross-linked butyl rubber, polyisobutelene and at least one of 

20 polybutene and oil; where, in said sealant, said clay is a mercapto-silane treated clay; and where in said 
sealant, said tackifying resin is a piperylene/2-methyl-2-butene resin having a softening point in the range of 

ab 1°5 Ut 9 The method of claim 14 where said sealant composition also contains about 2 to about 20 phr of zinc 
oxide. 
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